Hemagglutination inhibition (HI) and agar gel immunodiffusion (AGID) tests were compared to the serum neutralization (SN) test to evaluate their ability to detect antibodies to encephalomyocarditis virus (EMCV). Swine fetal thoracic fluids of known EMCV SN antibody titers (200 samples 2 1:2, 100 samples < 1: 2) were selected from a collection of field cases. The thoracic fluids were tested for EMCV antibodies by HI and AGID, and the results were compared to those of the SN test. Of 200 SN antibody-positive samples, 183 (9 1.5%) and 173 (86.5%) were positive in HI and AGID tests, respectively. Of 100 SN-negative samples, 81 (8 1%) and 94 (94%) were negative in HI and AGID tests, respectively. Agreement between the tests was analyzed by calculating Kappa values. The values were 0.73 between SN and HI tests and 0.77 between SN and AGID tests, indicating very good to excellent agreement for HI and AGID tests with the SN test. Of 200 SN-positive samples, 19 samples with low SN titers (1:2-1:16) were further tested by Western immunoblotting, and all were confirmed as positive. Interpretation of the present results suggests that both HI and AGID tests can be used as alternatives to the SN test.
Encephalomyocarditis virus (EMCV) can cause high mortality in young pigs with encephalitis and myocarditis 1, 4 and can cause reproductive failure in swine. 2, 13, 15, 17 Infection of swine fetuses with EMCV has been demonstrated by isolation of virus from fetal tissues 9,14 and detection of EMCV-specific antibodies in fetal sera. 6, 17 Detection of fetal antibodies is considered to be significant for the diagnosis of fetal infection in swine species because there is no transmission of maternal immunoglobulins across the placenta. 10 There may be either a small amount of placental leakage or local production of the immunoglobulins in the fetus. 19 The serum neutralization (SN) test has been commonly used to detect antibody to EMCV. 6, 20 However, testing for EMCV antibody in samples from mummified or decomposed fetuses has been impossible in many cases because samples are frequently contaminated with bacteria or are toxic to the indicator cells. The objectives of this study were to compare different serologic tests, hemagglutination inhibition (HI), agar gel immunodiffusion (AGID), and Western immunoblot, to the SN test and to investigate the significance of low SN titers detected in swine fetal thoracic fluid samples.
Materials and methods
Virus and cell culture. A reference EMCV strain (ATCC VR-129) a was purchased and propagated in a baby hamster kidney (BHK-21) cell line. The BHK-21 cells were main- Agar gel immunodiffusion and immunoblotting. Antigen for AGID and Western immunoblotting was purified by the method previously described. 7 The AGID test was performed on agarose gel plates. A final concentration of 0.5% agarose b in veronal buffered saline, pH 7.2, was autoclaved, and 6 ml was poured into a 60-x 15-mm Petri dish. After solidification, 74-mm circular wells were punched using a template" that has a 4 mm edge-to-edge distance between wells. Twenty microliters of antigen was placed in the center well, and 20 µ1 of test sample was added to each of the surrounding wells. The presence of precipitation lines was read after 24 and 48 hr incubation at room temperature. Nineteen thoracic fluids with low SN antibody titers, ranging from 1:2 to 1:16, were selected to be further analyzed by Western immunoblotting. Viral proteins were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) 11 and were transferred to a nitrocellulose membrane 18 using a Trans-Blot cell d at 30 V and 0.1 amp for 20 hr. After polypeptide bands on the nitrocellulose membrane were confirmed by staining with Ponceaus, e the membrane sheet was cut into strips and blocked by incubation with 1% gelatin in Trisbuffered saline (TBS) (20 mM Tris, 500 mM NaCl, pH 7.5) for 2 hr at 37 C. Using an Incubation tray, d each strip was incubated for 2 hr at 37 C with a sample of fetal serum or thoracic fluid diluted 1:50 with TBS containing 1% gelatin. The strips were then washed 3 times with TBS containing 0.05% Tween 20, and incubated for 2 hr at 37 C with horseradish peroxidase (HRP)-conjugated rabbit anti-swine IgG f (a final concentration of 4 µg/ml in TBS). The strips were washed twice with TBS containing 0.05% Tween 20 and then washed again with TBS to remove the Tween 20. The strips were treated with 120 ml of TBS containing 60 mg HRP Color Development Reagent d in 20 ml of cold methanol and 100 µ1 of 30% H 2 O 2 for 10-20 min. After the protein bands were stained, the reaction was stopped by rinsing with distilled water.
Analysis of agreement. Because the levels of true sensitivity or specificity cannot be evaluated for samples with unknown infection histories, Kappa values 16 were calculated to compare agreement between the results of SN and those of HI or AGID. Degrees of agreement were assessed by using categorized ranges of Kappa, of which 0 and 1 indicate no agreement beyond chance and perfect agreement, respectively. Values of 20.75, 0.40-0.75, and <0.40 indicate ex- cellent, fair to good, and poor agreement, respectively. 12 Relative specificity and sensitivity of the HI and AGID tests were also evaluated with an assumption of 100% accuracy of the SN test. The specificity was determined by the percentage of sera with antibody titers < 1:8 in the HI test or without a visible precipitation line in the AGID test when 100 SN-negative samples were tested. The sensitivity was determined by the percentage of sera with ≥ 1:8 in the HI test or with a visible precipitation line in the AGID test when 200 SN-positive samples were tested.
Results
Of 200 SN-positive and 100 SN-negative samples, 183 (9 1.5%) were positive and 81 (8 1%) were negative, respectively, in the HI test ( Table 1 ). The Kappa value between the SN and HI tests was 0.73, indicating very good agreement. Higher antibody titers were observed by HI than by SN when SN-positive samples were tested. Of 200 SN-positive samples, 26 had SN titers of 21:32 and 161 samples had HI antibody titers of ≥ 1:32.
Of the same 200 SN-positive and 100 negative samples, 173 (86.5%) were positive and 94 (94%) were negative, respectively, in the AGID test (Table 1) . Figure 1 illustrates an EMCV AGID test. The Kappa value between SN and AGID was 0.77, indicating excellent agreement.
The 200 SN-positive samples were divided according to their SN antibody titers and were tested by HI and AGID (Table 2) . One hundred percent positive results were obtained when samples with SN titers ≥ 1: 32 were tested by either HI or AGID. In the SDS-PAGE analysis, 3 major protein bands, representing VP 1, VP 2, and VP 3, were identified; and-in Western immunoblotting analysis, all 3 major viral protein bands reacted with a known positive serum and with all 19 samples of low SN titers tested but not with a known negative serum (Fig. 2 ).
Discussion
The serologic diagnosis of EMCV infection in swine has traditionally been carried out using the SN test. 6, 9, 20 However, this test has several disadvantages. The SN test measures neutralizing antibody against live-intact virus but does not provide information on the total antibody response to different antigenic components. Therefore, the results of this test may lack sensitivity. The test also requires specific techniques and facilities for cell cultures, and the results require at least 2-3 days. Furthermore, interpretations of the results are often confusing because serum samples from adult swine without an EMCV infection may show SN antibody titers up to 1:8. 20 The nature of the nonspecific antibodies is not known, but different protein molecules in the serum samples appear to block viral attachment to the indicator cells. In addition, many samples from abnormal fetuses have been cytotoxic to the indicator cell cultures. Low SN antibody titers (≤ 1: 16) in fetal thoracic fluids are impossible to detect in most cases because of toxicity or contamination (personal observation).
A test that addresses the weakness of the SN test would be beneficial. The results of the HI test are not as affected by serum quality, and natural hemagglutinin and nonspecific hemagglutination inhibitors were effectively removed by the treatments. In early tests, the samples were heat inactivated. However, no difference was found in the HI results between heated and nonheated samples, and the heat-inactivation step was omitted. The HI tests were easy to perform and had clear end points, and the results were comparable to those of the SN test. However, antibody titers by HI were usually 2-8 times higher than those of the SN test. The EMCV fetal antibodies may be predominantly HI antibody, resulting in the higher HI titers. The AGID test also has advantages over SN, including the ability to test toxic fetal samples. In preliminary experiments with the AGID, different agar concentrations in several buffer solutions were compared for production of the best precipitation lines. The clearest precipitation line was obtained with a final agar concentration of 0.5% in veronal buffer, pH 7.2. Although the AGID test is generally known to be less sensitive than other serologic tests, a sensitivity of 86.5% relative to SN was considered to be satisfactory. The AGID test is also highly specific and simple to perform. However, procedures for the preparation of AGID antigen need to be improved because the antigen yields are often small and the procedures are cumbersome.
In Western immunoblotting, the 3 major viral protein bands reacted with fetal thoracic fluid samples with low SN antibody titers. Although limited numbers of samples were analyzed, the results suggested that low antibody titers (1:2-1:16) in thoracic fluids are EMCV specific. Therefore, even low antibody titers in the fetuses might be significant in the diagnosis of EMCV infection. Other factors such as clinical herd history, numbers of abnormal fetuses with positive antibody titers, and antibody titer levels must be considered before making a final diagnosis. In general, at least 2 different fetuses in each abnormal litter and 2 or more litters from each farm should be tested to reduce false-negative diagnoses.
Either the HI or AGID test can be used as an alternative to the SN test, because both produce results in very good to excellent agreement with those of the SN test. Detection of significant EMCV antibody titers with 8. Kim HS, Christianson WT, Joo HS: 1989, Pathogenic propthese tests in abnormal fetuses could lead to a positive erties of encephalomyocarditis virus isolates in swine fetuses. diagnosis for EMCV fetal infection.
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